INTRODUCTION {#cesec10}
============

Astroviruses are small, nonenveloped, positive-sense RNA viruses with a genome size of 6.8 to 7.9 kb. On the basis of their distinctive star-like structure, the name astrovirus was given to these small round viruses, which are known to cause diarrhea in humans and domestic poultry ([@bib12]). The duck hepatitis virus, which was thought to be a picornavirus ([@bib1]), was later renamed as an astrovirus on the basis of its morphology ([@bib4]). Turkey astrovirus (**TAstV**) was first detected in turkey poults experiencing diarrhea in the United Kingdom ([@bib13]), and later in the United States ([@bib19]). Three types of avian astroviruses have been detected in turkeys, 2 of turkey origin and 1 of chicken origin ([@bib3]; [@bib16]). The turkey-origin viruses are known as turkey astrovirus 1 (**TAstV-1**) and turkey astrovirus 2 (**TAstV-2**) ([@bib11]), and the chicken-origin virus is called avian nephritis virus (**ANV**). The prevalence of TAstV-2, TAstV-1, and ANV in commercial turkey flocks approaches 100, 15.4, and 12.5%, respectively ([@bib16]). The TAstV-2 has frequently been associated with poult enteritis complex (**PEC**), poult enteritis mortality syndrome**,** and poult enteritis syndrome (**PES**; [@bib2]; [@bib16]; [@bib7], [@bib5]).

The TAstV-2 has been detected not only in flocks with enteritis, but also in apparently healthy flocks of turkeys ([@bib18]; [@bib6]). It is not known if TAstV-2 detected from PES-affected flocks differ in pathogenicity from those in apparently healthy flocks. We conducted this study to determine the comparative pathogenicity of TAstV-2 in apparently healthy and PES-affected flocks.

MATERIALS AND METHODS {#cesec20}
=====================

Source of Inocula {#cesec30}
-----------------

Twenty 2-wk-old poults showing clinical signs of PES were selected from a PES-affected commercial turkey flock (PES flock). Another 20 birds were selected from an apparently healthy flock (non-PES flock). The birds were killed by cervical dislocation and then necropsied. The intestinal contents from the 2 groups were each pooled separately and processed as described earlier ([@bib8]). Briefly, 10% suspensions of pooled intestinal contents in PBS were centrifuged at 1,200 × *g* for 20 min at 25°C. The supernatants were collected and examined for bacteria (*Salmonella*) by culturing; they were found to be negative. We also tested the supernatants for rotavirus, reovirus, and coronavirus with reverse transcriptase (**RT**)-PCR ([@bib9]) to ensure that they were only positive for TAstV-2. The position of the bands on the agarose gel at 598, 630, 849, and 1,120 bp was used to confirm the presence or absence of coronavirus, rotavirus, TAstV-2, and reovirus, respectively. To further confirm viral identity, positive PCR products were purified using a QIAquick PCR purification kit (Qiagen, Valencia, CA) and sequenced at the Biomedical Genomic Center (University of Minnesota, St. Paul). Sequencing was performed in both directions with the same primers as in the initial RT-PCR reactions. The sequences obtained were aligned with the existing database using the BLAST search tool available online (<http://www.ncbi.nlm.nih.gov>).

Amplification of Inocula {#cesec40}
------------------------

For the first passage, the supernatants from the PES flock and from the non-PES flock were filtered through 0.45-µm filters, and the filtrates were inoculated orally in 3-d-old specific-pathogen-free turkey poults (20 poults/group). Three days postinoculation (**DPI**), these birds were killed and their intestinal contents were pooled into 2 separate pools (PES and non-PES). Another blind passage was given in 3-d-old specific-pathogen-free turkey poults using supernatants derived from the intestinal contents of the first passage. The intestinal contents obtained from the second passage were processed and examined for the presence of viruses as described above. These second-passage supernatants were used as inocula for the experimental study as detailed below.

Experimental Study {#cesec50}
------------------

One-day-old turkey poults (n = 90) were procured from a commercial hatchery known to be free from TAstV. The poults were divided into 3 groups of 30 poults each (groups A, B, and C). Two birds from each of the 3 groups were killed at 1 d of age and their intestinal contents were examined by RT-PCR to ensure that they were free of enteric viruses, including TAstV. In addition, 1 pool of feces from the floor of each transport container was collected and examined by RT-PCR. The 3 groups of birds were placed into 3 separate isolators, and they were fed a starter diet from d 1 until the end of the experiment (at 22 d of age). At 7 d of age, 5 fecal samples were collected and pooled from the floor of each of the 3 isolators to make 3 pools (1 from each isolator) and examined by RT-PCR to ensure the absence of enteric viruses. At this time, 22 birds each in groups A and B (7 d of age) were inoculated orally (1 mL/bird) with PES and non-PES supernatant, respectively. Birds in group C (n = 22) were given PBS only and were referred to as the negative control group. Six birds in each group were not inoculated in order to serve as sentinel birds. The animal care protocol for this experiment was approved by the Institutional Animal Care and Use Committee of the University of Minnesota (St. Paul). Poults in all 3 groups were observed daily for the development of clinical signs until 16 DPI. Growth response, gross pathology, and virus shedding were studied at 5, 11, and 16 DPI, as detailed below.

Growth Response and Gross Pathology {#cesec60}
-----------------------------------

Before inoculation (7 d of age, d 0 of experiment), all poults were weighed to determine baseline BW. Subsequently, 7 poults (5 experimental and 2 sentinel) from each group were weighed individually at 5 and 11 DPI, and then killed. The remaining birds in each of the 3 groups were weighed individually at 16 DPI and killed. The mean treatment effect in each group was calculated by taking the average of the mean BW at each interval in a given group. The overall growth depression was calculated by the formula given below: $$\begin{matrix}
\text{Overall~growth~depression~(\%)~=100~} \\
\text{-[(Mean~treatment~effect~value~in~group~A} \\
{\text{or~B/Mean~treatment~effect~value~in~group~C)~} \times \text{100]}\text{.}} \\
\end{matrix}$$Gross pathological changes were noticed in visceral organs of poults in different groups at different intervals.

Molecular Detection of Enteric Viruses {#cesec70}
--------------------------------------

The total RNA was extracted from the intestinal contents from all individual experimental birds at 5, 11, and 16 DPI, and from the pool of fecal samples collected from the isolator floor at each DPI from each group, using the Qiagen RNA easy kit (Qiagen). As positive controls, RNA was extracted from turkey rotavirus (kindly provided by Y. M. Saif, Ohio Agricultural Research and Development Center, Wooster), TAstV-2, and turkey reovirus (SEP 108, kindly provided by J. M. Day, Southeast Poultry Research Laboratory, Athens, GA). Prior to total RNA extraction, the intestinal contents were processed as described earlier in the source of inocula section. Extracted RNAs were subjected to RT-PCR for the detection of rotavirus, TAstV-2, and reovirus using virus-specific primers ([@bib9]). The RT-PCR was performed using a Qiagen One Step RT-PCR kit (Qiagen). The position of the bands in the agarose gel at 630, 849, and 1,120 bp confirmed the presence of rotavirus, TAstV-2, and reovirus, respectively ([Figure 1](#fig1){ref-type="fig"} ). The virus-positive PCR products were purified and sequenced using forward and reverse primers ([@bib9]. The sequences were then aligned and subjected to BLAST analysis as described earlier.Figure 1Gel electrophoretic analysis of purified reverse-transcriptase PCR products of turkey astrovirus 2 (TAstV-2), rotavirus, and reovirus \[from poult enteritis syndrome (PES) and non-PES inocula\] run separately using the protocol of [@bib9]. Lanes 1 and 11: 1 kb DNA marker; lanes 2, 3, and 4 show TAstV-2, rotavirus, and reovirus, respectively, from positive control RNA; lane 5 shows the PES inoculum to be positive for TAstV-2 only; lanes 6 and 7 show the PES inoculum to be negative for rotavirus and reovirus, respectively; lane 8 shows non-PES inoculums to be positive for TAstV-2 only; lanes 9 and 10 show non-PES inoculums to be negative for rotavirus and reovirus, respectively.

Statistical Analysis {#cesec80}
--------------------

To determine the effect of different treatments on BW, the data were statistically analyzed using ANOVA tables. In all cases, *P* \< 0.05 denotes a statistically significant difference between treatment groups.

RESULTS {#cesec90}
=======

Inoculum Confirmation {#cesec100}
---------------------

The BLAST analysis of the aligned sequences confirmed that both inocula only contained TAstV-2. The TAstV-2 from PES and non-PES flocks differed in their polymerase gene as well as in their capsid gene.

Clinical Findings {#cesec110}
-----------------

The clinical signs observed in different groups postinoculation are presented in [Table 1](#tbl1){ref-type="table"} . Poults in group A started experiencing diarrhea at 1 DPI. Initially, the feces were watery and frothy, but the consistency of feces in a few birds changed later to being semisolid. In other birds, watery and frothy feces continued up to the end of the experiment. Poults in group B experienced diarrhea from 2 DPI, but it was milder in nature and shorter in duration. Sentinel birds in group A started experiencing diarrhea on 5 DPI and it was less severe than that in the inoculated birds. Huddling of poults was observed in group A, but not in groups B or C. Poults in the control group (C) did not exhibit any signs of depression, lethargy, or diarrhea. No mortality was observed in any of the groups, except for 1 poult in group B that died on 3 DPI.Table 1Extent of clinical signs in poults at 5, 11, and 16 d postinoculation[1](#tbl1fn1){ref-type="table-fn"}Clinical signGroup[2](#tbl1fn2){ref-type="table-fn"}ABC5 d11 d16 d5 d11 d16 d5 d11 d16 dDepression332321000Dullness332321000Diarrhea332322000Retarded growth333221000Huddling332000000[^1][^2]

Growth Response {#cesec120}
---------------

Poults in group A had lower BW on 5 DPI ([Table 2](#tbl2){ref-type="table"} ). The decrease in BW in group A was statistically significant at 16 DPI as compared with that in groups B and C. The overall growth depression in groups A and B as compared with that in group C was 16 and 2%, respectively ([Table 2](#tbl2){ref-type="table"}).Table 2Body weight of poults at 0, 5, 11, and 16 d postinoculationGroup[1](#tbl2fn1){ref-type="table-fn"}BW[2](#tbl2fn2){ref-type="table-fn"} (g)Mean treatment effect on BW (g)Overall growth depression (%)0 d (n = 28)5 d (n = 5)11 d (n = 5)16 d (n = 10)A92 ± 2.2[a](#tbl2fn3){ref-type="table-fn"}109 ± 13.2[a](#tbl2fn3){ref-type="table-fn"}134 ± 13.6[a](#tbl2fn3){ref-type="table-fn"}169 ± 4.6[b](#tbl2fn3){ref-type="table-fn"}137[b](#tbl2fn3){ref-type="table-fn"}16B94 ± 1.7[a](#tbl2fn3){ref-type="table-fn"}129 ± 9.8[a](#tbl2fn3){ref-type="table-fn"}153 ± 7.7[a](#tbl2fn3){ref-type="table-fn"}198 ± 4.3[a](#tbl2fn3){ref-type="table-fn"}160[a](#tbl2fn3){ref-type="table-fn"}2C92 ± 2.0[a](#tbl2fn3){ref-type="table-fn"}118 ± 7.6[a](#tbl2fn3){ref-type="table-fn"}162 ± 7.8[a](#tbl2fn3){ref-type="table-fn"}208 ± 6.1[a](#tbl2fn3){ref-type="table-fn"}163[a](#tbl2fn3){ref-type="table-fn"}[^3][^4][^5]

Gross Pathology {#cesec130}
---------------

Gross pathological lesions observed in poults of different groups postinoculation are presented in [Table 3](#tbl3){ref-type="table"} . At necropsy, no gross changes were observed in group C poults. Gross changes, mostly confined to the gastrointestinal tract, were observed in groups A and B from 5 DPI onwards. Pale distended intestines with watery contents, and distended ceca with loose to watery and frothy contents were seen. When birds were opened at necropsy at 5 DPI, greenish watery feces dripped from the vents of treated poults. The intestinal wall was noticeably thin and the intestine was filled with gas in most birds. Similar changes were also noticed at 11 and 16 DPI. The gross pathological changes in group B and sentinel birds were milder than those in group A for all DPI. There was a reduction in the size of the bursa in group A, but not in groups B or C.Table 3Gross pathological changes in poults at 5, 11, and 16 d postinoculation[1](#tbl3fn1){ref-type="table-fn"}Gross pathological changeGroup[2](#tbl3fn2){ref-type="table-fn"}ABC5 d11 d16 d5 d[3](#tbl3fn3){ref-type="table-fn"}11 d16 d5 d11 d16 dDistended and dilated intestine4394510000Gas-filled intestine345220000Fluid-filled and swollen ceca7714757000Atrophied bursa7710000000[^6][^7][^8]

Virus Shedding {#cesec140}
--------------

The TAstV-2 virus was detected at 5, 11, and 16 DPI in the intestinal contents of all birds (inoculated and sentinel) in groups A and B. Pools of feces collected from the floor of the isolators housing group A and B birds were also positive for the virus. None of the intestinal content samples or pools of feces from group C were positive for TAstV at any time point ([Table 4](#tbl4){ref-type="table"} ).Table 4Turkey astrovirus-2 shedding by reverse-transcriptase PCR in experimentally inoculated poults at 5, 11, and 16 d postinoculation[1](#tbl4fn1){ref-type="table-fn"}SampleGroup[2](#tbl4fn2){ref-type="table-fn"}ABC5 d11 d16 d5 d11 d16 d5 d11 d16 dPooled feces from isolator floorposposposposposposnegnegnegIntestinal contents from poults[3](#tbl4fn3){ref-type="table-fn"}7/77/714/146/7[4](#tbl4fn4){ref-type="table-fn"}7/714/140/70/70/14[^9][^10][^11][^12]

DISCUSSION {#cesec150}
==========

The aim of this study was to compare the pathogenicity of TAstV-2 from PES-affected and apparently healthy flocks. We selected 2 types of flocks (PES and non-PES) to determine if TAstV-2 from both types of flocks were equally pathogenic. The TAstV-2 from PES and non-PES flocks showed differences in both polymerase and capsid genes. The clinical findings in poults inoculated with material from the PES flock were consistent with those reported in previous studies ([@bib10]; [@bib20]; [@bib17]; [@bib8]). The lack of mortality in our study is in contrast to [@bib17] who reported high mortality in turkeys inoculated with 3 different types of TAstV-2. However, our results are consistent with those of [@bib8], who did not report any mortality in experimental birds inoculated with PES material containing rotavirus, TAstV-2, and *Salmonella*. Mortality may depend on the virulence and dose of the pathogen, and on the age of the bird at inoculation ([@bib21]; [@bib17]).

The decrease in BW gain in group A can be attributed to decreased feed intake, altered feed conversion efficiency, or both. Though we did not calculate the feed intake in different groups, our daily subjective observation indicated a larger amount of unconsumed feed in the group inoculated with the PES material than that in the other 2 groups. [@bib14] reported that TAstV-2 infection induces sodium malabsorption, possibly through redistribution of specific sodium transporters, which results in osmotic diarrhea. In our study, the 16% growth depression in group A birds inoculated with PES material is of considerable economic significance. [@bib2] estimated that a 10 to 15% growth depression due to PEC would cause losses of \$300 to \$400 million annually to the US turkey industry. It is also possible that birds with enteritis are not able to achieve their target weight at marketing age ([@bib15]; [@bib9]). In fact, a light turkey syndrome has been observed in Minnesota, where turkey weight is 4 to 5 pounds lower at marketing age in some farms. We hypothesize that enteric virus infections at an early age play a role in this syndrome.

In this study, poults inoculated with PES material obtained from turkey farms with enteric problems had significantly lower BW as compared with that of poults inoculated with TAstV-2 positive material from apparently healthy birds, providing preliminary evidence that TAstV-2 from an apparently healthy flock might be less pathogenic than that from a PES flock. In an earlier study, [@bib17] compared the pathogenicity of 3 TAstV differing in their capsid genes, and reported no major differences in induction of enteritis or effect on BW in experimental poults. It is possible that all 3 TAstV in their study originated from flocks with enteritis.

There was mild to moderate regression of bursa in group A poults inoculated with material from the PES flock. This is consistent with previous studies ([@bib10]; [@bib17]) in which poults challenged with TAstV showed atrophy of lymphoid tissues. In our study, the shedding pattern indicated that the virus persisted in inoculated poults for up to 16 DPI, which is in line with the results of previous studies ([@bib10]; [@bib20]; [@bib17]). No difference in virus shedding was observed in birds inoculated with PES or non-PES material, indicating that the TAstV-2 in both types of flocks (PES and non-PES) may be shed by the infected birds through their feces. The feces may act as source of virus for naïve birds, thereby continuing the cycle of infection. This is further supported by the shedding pattern observed in sentinel birds, which were positive for TAstV-2 until 16 DPI.

Under field conditions, birds are in close contact with each other, particularly in deep litter systems; the chance of pathogens to spread via the fecal-oral route is higher in such systems. The shedding pattern of TAstV-2 in sentinel birds in our study indicates that an infection induced by this virus may continue for a long period in a flock because of the availability of a sufficiently susceptible population. Though the spread can occur in both types of flocks, it seems that in apparently healthy flocks, this virus may assume a pathogenic role if birds are stressed. The presence of concurrent infections may further complicate the situation. We tested the fecal samples for rotavirus, reovirus, and coronavirus and found them to be negative for these 3 viruses. The inocula and samples were also found negative for *Salmonella*. Though our samples and inocula were negative for the aforesaid pathogens, the effect of other enteric pathogens in the inocula or poults in causing or increasing the severity of enteritis in experimental poults cannot be ruled out. Although the volume of inocula in both groups was the same, we cannot be certain that the amount of virus present in these inocula was the same. Different virus concentrations may also play a role in the prevalence and severity of enteritis.

In summary, the results of this study reveal that oral inoculation of turkey poults with TAstV-2-positive intestinal material from PES birds lead to diarrhea, significant growth depression, and bursal atrophy. Increased severity of the disease and higher loss of BW in poults inoculated with PES material compared with those in poults inoculated with non-PES material indicate that there may be differences in the pathogenicity of TAstV-2. Additional studies are needed to confirm this hypothesis.

This work was funded in part with a research grant from Rapid Agricultural Response Fund, University of Minnesota (St. Paul).

[^1]: The scores indicated in the above table are based on 0 = no clinical sign in any bird, 1 = \<5 poults showing the indicated sign, 2 = 5 to 10 poults showing the indicated clinical sign, 3 = \>10 poults showing the indicated clinical sign.

[^2]: A = poults inoculated with turkey astrovirus-2-positive material from a flock with poult enteritis syndrome, B = poults inoculated with turkey astrovirus-2-positive material from an apparently healthy flock, and C = poults inoculated with PBS (control).

[^3]: Values with different superscripts within a column differ significantly (*P* \< 0.05); all values are mean ± SE of poults at each interval.

[^4]: A = poults inoculated with turkey astrovirus-2-positive material from a flock with poult enteritis syndrome, B = poults inoculated with turkey astrovirus-2-positive material from an apparently healthy flock, and C = poults inoculated with PBS (control).

[^5]: n = number of poults whose BW was taken on a given day postinoculation; no sentinel birds were included in calculating mean BW.

[^6]: At 5 and 11 d postinoculation, 7 poults were killed; and at 16 d postinoculation, 14 poults were killed.

[^7]: A = poults inoculated with turkey astrovirus-2-positive material from a flock with poult enteritis syndrome, B = poults inoculated with turkey astrovirus-2-positive material from an apparently healthy flock, and C = poults inoculated with PBS (control).

[^8]: One poult died at 3 d postinoculation from unrelated causes.

[^9]: pos: positive for turkey astrovirus-2; neg: negative for turkey astrovirus-2.

[^10]: A = poults inoculated with turkey astrovirus-2-positive material from a flock with poult enteritis syndrome, B = poults inoculated with turkey astrovirus-2-positive material from an apparently healthy flock, and C = poults inoculated with PBS (control).

[^11]: Number of samples positive/total number of samples tested.

[^12]: One poult died at 3 d postinoculation from unrelated causes.
